In this paper we derive a quasi unitarity bound on the radion mass (m φ ) from the process hh → φφ. We find that at sufficiently high energies (i.e. when s ≫ m 
Introduction
Recently several radical proposals based on extra dimensions have been put forward to explain the large hierarchy between the Planck scale and the weak scale. Among them the Randall-Sundrum [RS] model [1] is most interesting because it propses a five dimensional world with a non-factorizable metric
Here r c measures the size of the extra dimension which is an In the original proposal of Randall and Sundrum the compactification radius r c was assumed to be determined by the vacuum expectation value (vev) of scalar field T (x).
However the modulus field was massless and therefore its vev was not stabilized by some dynamics. Goldberger and Wise showed [2] that by introducing a scalar field χ(x, θ) in the bulk with interactions localized on the two branes it is possible to generate a potential for T (x). They also showed that the parameters of the potential can be adjusted to yield a minimum at kr c ≈ 14 without any extreme fine tuning.
The Randall-Sundrum model assumes that the Standard Model [SM] fields are localized on the the visible brane at θ = π. However the SM action is modified due to the exponential warp factor of the metric. Fluctuations of the modulus field T (x) about its vev r c give rise to non-trivial couplings of the modulus field with the SM fields on the visible brane. In fact it was shown in Ref. [3] that linear fluctuations in the radion field φ couples to the SM fields on the visible brane through the Lagrangian
Here T µ µ is the trace of the energy-momentum tensor of the SM fields localized on the visible brane.φ is a small fluctuation of the radion field from its vev and is given by
is a mass parameter of the order of M.
In this paper we shall derive the couplings of a light stabilized radion with the SM higgs scalar up to quadratic order inφ. We shall then use these couplings to calculate the tree level transition amplitude for the processes hh → φφ and hh → hφ at very high energies i.e. when s ≫ m 
Radion couplings to the higgs scalar
The couplings of the radion field to the SM higgs field localized on the brane at θ = π is completely determined by general covariance. The action for the SM higgs field in the Randall-Sundrum model is given by
Here g µν v is the induced metric on the visible brane. In the abscence of graviton fluctuations about the background metric it is given by g
where η µν is the Minkowski metric.
The higgs potential expanded about the classical minimum is given by
In the above expression we have subtracted the vacuum energy from V (h). The mass of the higgs scalar can be determined from the above potential and is given by m
The couplings of the RS radion to the higgs field is therefore given by
Rescaling h and v according to h → f φ h and v → f φ v the action becomes
Expanding φ about its vev and keeping terms only up to quadratic order inφ we get
The dots stand for the couplings of cubic and higher order fluctuations in the radion field to the higgs scalar. These couplings will not be needed for the processes under consideration in this paper.
Unitarity bound from the process hh → φφ
We shall now derive the unitarity bound that follows from the process hh → φφ in the context of the low energy effective field theory where we can legitimately neglect the contributions from gravitational KK modes and string excitations. At tree level the process hh → φφ gets contributions from three distinct Feynman diagrams. Let M 1 and M 2 be transition amplitudes for t and u channel higgs exchanges. M 3 be the transition amplitude for the contact interaction diagram. It can then be shown that
and
At sufficiently high energies i.e. when s ≫ m being the masses of the lightest gravitational KK mode and string excitation respectively) the total transition amplitude exhibits the following asymptotic behaviour
Following Lee, Quigg and Thacker [4] if we require that the J=0 partial wave amplitude must satisfy the constraint |a 0 | < 1 [5] we get the unitarity bound |m
Unitarity bound on m h from the process hh → hφ
The transition amplitude for the process hh → hφ gets contributions only from radion couplings in the linear approximation. Since the gravitational KK modes do not contribute to the process hh → hφ the bound on m h that we shall present below will be valid more generally in the complete model of Randall and Sundrum. Let M 1 , M 2 and M 3 denote the transition amplitudes due to s, t and u channel higgs exchanges for the process hh → hφ.
M 4 be the transition amplitude for the conatct interaction diagram. We then find that at very high energies to leading order in 
where α = 1 − 
The unitarity constraint then gives rise to the bound m 
